Background
==========

Osteoarthritis (OA) is defined as damaged articular cartilage and synovial inflammation \[[@b1-medscimonit-25-5833]\]. Chondrocytes are the only resident cells in articular cartilage involved in the pathological process of OA through degeneration, inflammation, necroptosis, and apoptosis. Previous studies have reported that apoptosis plays a critical role in the pathological process of chondrocytes, and the inhibition of chondrocytes apoptosis is a potential therapeutic target for OA prevention \[[@b2-medscimonit-25-5833],[@b3-medscimonit-25-5833]\].

Interleukin-1β (IL-1β) is a pro-inflammatory cytokine secreted by chondrocytes. It has been reported that patients with OA have elevated levels of IL-1β in their cartilage \[[@b4-medscimonit-25-5833]\]. IL-1β accelerates the progression of OA by inducing inflammatory cytokine production, extracellular matrix loss, and chondrocyte apoptosis \[[@b5-medscimonit-25-5833],[@b6-medscimonit-25-5833]\]. Chondrocyte apoptosis is closely related to increased ROS and NO production when it is exposed to IL-1β \[[@b7-medscimonit-25-5833],[@b8-medscimonit-25-5833]\]. Previous studies have shown that the overproduction of reactive oxygen species (NOS) and nitric oxide (NO) in pathological conditions induces chondrocyte apoptosis. PI3K/AKT takes part in the inflammatory response and is activated in OA progression \[[@b9-medscimonit-25-5833]\]. Accumulating studies have reported that inhibition of the PI3K/AKT pathway can alleviate the inflammatory response \[[@b10-medscimonit-25-5833]\], reducing levels of pro-inflammatory cytokines, then further reducing ROS production and NO release. Therefore, inactivation of the PI3K/AKT pathway is thought to help delay OA progression.

Salidroside, the major constituent of a Chinese medicinal herb, *Rhodiola rosea* L, has been reported to suppress apoptosis in many diseases \[[@b11-medscimonit-25-5833]\]. Its anti-inflammation effect works on Adriamycin-induced focal segmental glomerulosclerosis through suppressing the PI3K/AKT pathway \[[@b12-medscimonit-25-5833]\]. Considering its various beneficial effects, Salidroside is thought to protect chondrocytes. In this study, the effects of Salidroside on the proliferation, inflammation, and apoptosis of chondrocytes was investigated.

Material and Methods
====================

Isolation and culture of chondrocytes
-------------------------------------

Chondrocytes were isolated following a previously described method. Briefly, joint tissues of Sprague-Dawley rats were cut into pieces smaller than 1 mm and digested with 0.25 mg/mL of trypsin, then incubated with 2 mg/mL of collagenase II for 8 h. The undigested tissues were filtered out with a 180-μm cell filter. The suspensions were centrifuged at 1500 rpm for 10 min. After that, cells were stained with trypan blue to evaluate viability. Chondrocytes with viability greater than 85% were maintained in DMEM with 10% FBS (100 U/mL penicillin and 0.1 mg/mL streptomycin). Cells were cultured at 37°C with 5% CO~2~. All rats were purchased from Tongji Medical College, Huazhong University of Science and Technology (Wuhan, China). All experiments were approved by the Ethics Committee of Tongji Medical College.

Cell Counting Kit 8 (CCK8) assay
--------------------------------

CCK8 assay was used to evaluate the cytotoxic and proliferating effects of Salidroside on chondrocytes. After culturing for 24, 48, and 72 h, CCK8 reagent was added to each well. The OD value was detected with a microplate reader at 450 nm.

Flow cytometric analysis of apoptosis
-------------------------------------

Cells were cultured in 6-well plates and treated with PBS, IL-1β, and Salidroside+IL-1β for 24 h, then the cells were collected and resuspended in 200 μL of binding buffer (BD Biosciences, San Diego, CA, USA). After that, 5 μL Annexin V-FITC was added to the cells and they were incubated for 15 min at 37°C in the dark, then we added 10 μL PI and incubated cells on ice for 10 min in the dark. The population of Annexin-V-positive cells was analyzed by flow cytometry using the green and red fluorescence channels and the percentages of apoptotic cells were calculated.

Western blotting analysis
-------------------------

The cells were harvested and lysed with IPH buffer and protease-inhibitor, then the proteins were denatured by boiling in SDS buffer and were loaded on 12% SDS-polyacrylamide gels (Bio Rad). Separated proteins were transferred onto 0.2-μM nitrocellulose membranes by turbo blotting for 7 min at 2.5 A and 25 V using the Bio Rad system. Unspecific protein binding was blocked by incubation in 5% non-fat milk in TBS-Tween 0.05% for 1 h at room temperature or overnight at 4°C. Membranes were subsequently incubated with anti-Cyclin D1 (Abcam, USA, 1: 1000), anti-Cyclin D3 (CST, USA, 1: 1000), anti-Bax (CST, USA, 1: 2000), anti-Bcl2 (Abcam, USA, 1: 2000), anti-PI3K (Abcam, USA, 1: 2000), anti-p-PI3K (Abcam, USA, 1: 500), anti-Akt (CST, USA, 1: 2000), anti-p-Akt (CST, USA, 1: 1000), or anti-GAPDH (Abcam, USA, 1: 10 000). Then, membranes were washed in TBS-Tween and incubated with HRP-conjugated secondary antibody. Signals were detected with SuperSignal West Femto Chemiluminescent Substrate (Thermo Scientific) and a LAS 4000 imager (GE Healthcare).

qRT-PCR
-------

Quantitative real-time polymerase chain reaction (qRT-PCR) was used to detect the mRNA level of pro-inflammatory cytokines. Briefly, after cells were treated with PBS, IL-1β, or IL-1β+Salidroside, total RNA was extracted from the treated cells after 6 h with TRIzol (Invitrogen, Carlsbad, USA). The complementary DNA (cDNA) synthesis was conducted with an M-MLV Reverse Transcriptase kit (ELK Biotechnology). Quantitative PCR was performed on StepOne™ real-time PCR. The mRNA level was calculated using the 2^--[dd]{.smallcaps}Ct^ method. The sequences of primers for qRT-PCR were as follows:

1.  interleukin (IL)-6, forward, 5′-AGCGATGATGCACTGTCAGA-3′ and reverse, 5′-GGAACTCCAGAAGACCAGAGC-3′;

2.  Tumor necrosis factor (TNF)-α, forward, 5′-GCGCCCAGCCTTCCTTAC-3′ and reverse, 5′-GCCCCGGCCTTCCAAATAAATAC-3′;

3.  Bax, forward, 5′-TGGTTGCCCTCTTCTA-3′ and reverse, 5′-CACCCTGGTCTTGGAT-3′;

4.  Bcl-2, forward, 5′-CACAGAGGGGCTACGAGT-3 0 and reverse, 5′-CAGGCTGGAAGGAGAAGA-3′;

5.  GAPDH, forward, 5′-CAAGTTCAACGGCACAG-3′ and reverse 5′-CCAGTAGAC TCCACGAC AT-3′.

ELISA
-----

After cells were treated with PBS (control), IL-1β, Salidroside+IL-1β for 24h, the supernatants were collected to detect the level of IL-6, TNF-α using an ELISA kit.

Measurement of intracellular reactive oxygen species (ROS) and nitric oxide (NO) production
-------------------------------------------------------------------------------------------

The levels of ROS and NO were measured using an ROS assay kit and a nitrate/nitrite colorimetric assay kit of Griess reaction following the manufactures' instructions. Both kits were purchased from Nanjing Jiancheng Bioengineering Institute (Nanjing, China).

Caspase 3/9 activity assay
--------------------------

Caspase colorimetric assay kits (Nanjing Jiancheng Bioengineering Institute) were used to detect the activities of caspase 3 and caspase 9. Briefly, cells were collected and lysed. Then, the absorbance was measured with a microplate reader (405 nm).

Statistical analysis
--------------------

All data were expressed as mean ± standard deviation (SD). The significance level between the groups was compared using the *t* test and one-way analyses of variance (ANOVA). P\<0.05 was set as statistically significant.

Results
=======

Cytotoxicity of Salidroside on chondrocytes
-------------------------------------------

The cytotoxic effect of Salidroside on cells was assessed by CCK8 assay. Chondrocytes were treated with various concentrations (0, 50, 100, and 200 μmol/L) of Salidroside for 24, 48, and 72 h. We found that 50 and 100 μmol/L of Salidroside significantly increased the OD value of cells, suggesting the increased proliferation of cells at these concentrations. However, 200 μmol/L of Salidroside had an obvious adverse effect on the OD value of chondrocytes after 48 and 72 h treatment. ([Figure 1A](#f1-medscimonit-25-5833){ref-type="fig"}).

After cells were treated with PBS, 50 μmol/L of Salidroside, and 100 μmol/L of Salidroside, the expression levels of cyclin D1 and cyclin D3 in regulating the cell cycle were also increased after cells were treated with 50 μmol/L or 100 μmol/L of Salidroside ([Figure 1B--1D](#f1-medscimonit-25-5833){ref-type="fig"}). We found that 50 and 100 μmol/L of Salidroside had a positive effect on promoting chondrocyte proliferation, and we used 100 μmol/L of Salidroside in the following experiments.

Effect of Salidroside on IL-1β-induced inflammatory cytokines
-------------------------------------------------------------

The level of IL-6 and TNF-α were evaluated with ELISA assay and qRT-PCR after cells were treated with PBS, IL-1β, and Salidroside+IL-1β. The result was consistent with previous studies showing IL-1β induces pro-inflammatory cytokines in chondrocytes, while its negative effect is alleviated by adding Salidroside, suggesting Salidroside has an anti-inflammatory effect ([Figure 2A, 2B](#f2-medscimonit-25-5833){ref-type="fig"}).

Effect of Salidroside on IL-1β-induced apoptosis
------------------------------------------------

To explore the effect of Salidroside on the apoptosis of chondrocytes, flow cytometry was used to detect the ratio of apoptosis, showing that the apoptosis levels were obviously lower in the Salidroside+IL-1β group than in the IL-1β group ([Figure 3A](#f3-medscimonit-25-5833){ref-type="fig"}). The levels of Bax and Bcl-2 were detected by Western blot analysis and qRT-PCR. As shown in [Figure 3B--3E](#f3-medscimonit-25-5833){ref-type="fig"}, IL-1β significantly induced Bax expression and reduced Bcl-2 expression compared to the control group. After adding Salidroside to the IL-1β-treated cells, the apoptosis level of chondrocytes was significantly inhibited, suggesting that Salidroside has an anti-apoptotic effect on chondrocytes. In addition, the expression levels of ROS and NO in apoptosis were also detected, showing that IL-1β increased the levels of ROS and NO, and this was suppressed by adding Salidroside ([Figure 4A, 4B](#f4-medscimonit-25-5833){ref-type="fig"}). To assess if the IL-1β damages chondrocytes through mitochondria apoptosis pathway, the expression levels of caspase 3 and caspase 9 were detected, showing that IL-1β-induced mitochondria apoptosis can be reversed by Salidroside ([Figure 4C--4E](#f4-medscimonit-25-5833){ref-type="fig"}).

Involvement of the PI3K/AKT pathway in the apoptosis inhibition induced by Salidroside
--------------------------------------------------------------------------------------

To investigate the underlying mechanism of the protective effect of Salidroside on chondrocytes, the expression level of PI3K/AKT was detected. IL-1β treatment significantly increased the phosphorylation level of p-AKT and p-PI3K, and this effect was significantly suppressed by Salidroside ([Figure 5A](#f5-medscimonit-25-5833){ref-type="fig"}), indicating that Salidroside inhibits the PI3K/AKT signaling pathway.

Discussion
==========

Previous studies have reported that the progressive cartilage loss of patients with OA is related to the imbalance of anti-apoptotic and pro-apoptotic activities \[[@b13-medscimonit-25-5833]\]. IL-1β levels are significantly higher in cartilage of patients with OA, which plays a key role in inducing cell apoptosis by increasing ROS production and NO release. It has been reported that IL-1β induces cell apoptosis in various cells, including intervertebral disc cells and chondrocytes \[[@b14-medscimonit-25-5833],[@b15-medscimonit-25-5833]\]. In contrast, Salidroside has an anti-apoptotic effect on various type of cells \[[@b16-medscimonit-25-5833]\]. The present study is the first to assess the proliferative and anti-apoptotic effect of Salidroside on chondrocytes.

Salidroside treatment promotes chondrocyte proliferation in a dose-dependent manner. However, 200 μmol/L Salidroside has a negative effect on the proliferation of chondrocytes, suggesting that a moderate dosage of Salidroside is beneficial for chondrocytes. To determine whether Salidroside protects against OA, chondrocytes were pretreated with Salidroside and then stimulated with IL-1β. We found that IL-1 significantly increased the level of pro-inflammatory cytokines. Pro-inflammatory cytokines play an important role in the pathologic process of osteoarthritis. These cytokines interact with each other and have a synergistic effect on apoptosis activation \[[@b15-medscimonit-25-5833]\]. However, adding Salidroside to IL-1β treated cells can reverse the IL-1β induced inflammatory response.

When apoptosis occurs, the levels of Bax and Bcl-2 change correspondingly \[[@b17-medscimonit-25-5833]\]. The upregulated level of Bax further induces apoptosis. Contrary to Bax, Bcl-2 has a significant anti-apoptotic effect. Our present results suggest that Salidroside alleviates the anti-apoptotic effect of IL-1β by decreasing the ratio of Bax to Bcl-2. Lia et al. reported that Salidroside attenuates cardiac apoptosis through the mitochondrial apoptosis pathway \[[@b18-medscimonit-25-5833]\]. When mitochondrial apoptosis occurs, the levels of caspase 3 and caspase 9 increase \[[@b19-medscimonit-25-5833]\]. IL-1 induces apoptosis by affecting mitochondrial function, which is supported by the increased level of caspase 3/9. IL-1β also significantly increases production of ROS and NO, which are closely related to apoptosis \[[@b20-medscimonit-25-5833]\]. In the present study, we observed that the levels of caspase 3/9, NO, and ROS in Salidroside+IL-1β-treated chondrocytes were lower than those in IL-1β-treated cells, suggesting that Salidroside blocks IL-1β-induced apoptosis.

It is well established that the PI3K/AKT pathway regulates inflammation and cell survival \[[@b21-medscimonit-25-5833],[@b22-medscimonit-25-5833]\]. Activation of the PI3K/AKT pathway has been reported to induce inflammation and apoptosis of chondrocyte \[[@b23-medscimonit-25-5833]\]. In the present study, we been found that cells treated with IL-1β had significantly increased levels of p-PI3K and p-AKT. Previous studies have reported that Salidroside has a negative effect on PI3K/AKT activation \[[@b12-medscimonit-25-5833]\]. Our data are consistent with previous studies reporting that Salidroside blocks the IL-1 β-induced PI3K/AKT activation. As the PI3K/AKT pathway is inactivated, the pro-inflammatory cytokines and apoptosis levels decrease. It should be noted that many signaling pathways regulate the apoptosis process of chondrocytes. Further research is needed to assess the effect of Salidroside on other signaling pathways.

Conclusions
===========

Our results indicate that the optimal concentration of Salidroside to treat chondrocytes is 0 to 100 μmol/L. Salidroside prevents IL-1-induced inflammatory action and apoptosis of chondrocytes by inhibiting the PI3K/AKT signaling pathway ([Figure 5B](#f5-medscimonit-25-5833){ref-type="fig"}). *In vivo* and *in vitro* studies are needed to define the detailed molecular mechanism by which Salidroside prevents OA. Despite its preliminary character, this study validates that Salidroside is a promising bioactive substance in OA prevention.
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![(**A**) The cytotoxicity of Salidroside on chondrocytes was assessed by CCK8 assay. The concentrations of Salidroside were 0, 50, 100, and 200 μmol/ml. (**B, C**) The proteins that regulated cell cycle were detected by Western blot. (**D**) The levels of Cyclin D1 and Cyclin D3 were detected by qRT-PCR. \* P\<0.05, \*\*\*\* p\<0.0001.](medscimonit-25-5833-g001){#f1-medscimonit-25-5833}

![Salidroside inhibited IL-1β-induced pro-inflammatory cytokines. (**A**) ELISA was used to detected the level of IL-6 and TNF-α level after cells were treated with PBS (control), IL-1β, or IL-1β+Salidroside for 24 h. (**B**) qRT-PCR was used to evaluated the level of IL-6 and TNF-α. \*\*\*\* p\<0.0001.](medscimonit-25-5833-g002){#f2-medscimonit-25-5833}

![Salidroside inhibited IL-1β-induced cell apoptosis. (**A**) Flow cytometry was used to measure the percentage of cell apoptosis. B1: cells undergoing necrosis; B2: cells in later apoptosis; B3: living cells; B4: cells in early apoptosis. (**B--D**) The pro-apoptotic protein level and anti-apoptotic protein level were detected by Western blot. (**E**) qRT-PCR was used to assess the pro-apoptotic protein level and anti-apoptotic protein level. Data are shown as mean ±SD. \*\* P\<0.01, \*\*\*\* p\<0.0001.](medscimonit-25-5833-g003){#f3-medscimonit-25-5833}

![Salidroside suppressed IL-1β-induced ROS, NO, and Caspase3/9. (**A, B**) The ROS and NO levels of the IL-1β group were significantly higher than in the control group, showing Salidroside significantly suppressed the levels of ROS and NO. (**C, D**) ELISA and WB result showed that salidroside inhibits the IL-1β-induced high level of caspase 3. (**E**) ELISA data showed that caspase 9 level was decreased after adding salidroside to IL-1β-treated cells.](medscimonit-25-5833-g004){#f4-medscimonit-25-5833}

![The effect of Salidroside on the phosphorylation of PI3K and AKT. (**A**) Salidroside suppressed the IL-1β-induced the phosphorylation of PI3K and AKT, (**B**) Salidroside promoted cell proliferation and inhibited apoptosis via inhibition of pro-apoptotic protein and induction of anti-apoptosis and proliferative-related proteins.](medscimonit-25-5833-g005){#f5-medscimonit-25-5833}
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